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In order to individualize the intensity of an aerobic training program on different ergometers in healthy elderly subjects using a single test of muscular exercise, we analysed cardiorespiratory responses in 8 men
. The heart rate corresponding to the ventilatory threshold was defined as individualised exercise intensity. All subjects carried out two incremental exercise tests on the cycle and rowing ergometers. For men, the results on the cycle ergometer and rowing ergometer demonstrated that, at ventilatory threshold, heart rates were not significantly different (114.6 ± 13.7 and 115.6 ± 14.2 beats·min -1 , respectively) , but ventilation was significantly higher in rowing (p < 0.05) . At ventilatory threshold, heart rates for women were not significantly different between the cycle ergometer and rowing ergometer (121.3 ± 12.4 and 125.1 ± 15.2 beats·min -1 , respectively) , but ventilation was significantly higher in rowing (p < 0.01) . At maximal exercise, maximal tidal volume for men (p < 0.01) and women (p < 0.05) 
Introduction
The harmful effects of a sedentary lifestyle due to the loss of autonomy that accompanies aging may be counteracted by endurance training (Pollock and Wilmore, 1990) . Such activity can improve both cardiorespiratory (Babcock et al., 1992; Heath et al., 1981) and muscular (Bean et al., 2002) performance. Studies on healthy elderly subjects demonstrate that aerobic training improves their physical capacity and health (Beere et al., 1999; Karani et al., 2001; Pollock et al., 1976) , including improved cardiorespiratory performance (Carter et al., 2003; Fabre et al., 1997; Hagberg et al., 1989) .
However, training intensity is usually standardized and generally expressed as a percentage of maximum oxygen consumption (V . O 2 max), a percentage of theoretical maximum heart rate (HRmax), or a percentage of heart rate reserve (Malher et al., 1986) . Nevertheless, the metabolic changes caused by a given percentage intensity may vary from one individual to another (Katch et al., 1978) so that a subject may be overtrained or undertrained. Individualizing the aerobic training should optimize the cardiorespiratory adaptations. Fabre et al. (1997) and Massé-Biron et al. (1993) showed that individualized intensity at the heart rate of the ventilatory threshold (Vth) produced better cardiorespiratory adaptations during maximal and submaximal exercises than did standardized training intensity.
The method of training using the percentage of the theoretical HRmax does not require one to perform an incremental exercise test. Also, it is not very useful to perform an incremental exercise test when the heart rate reserve is used for training intensity because it can be determined from the resting heart rate and theoretical HRmax. However, in order to individualize the training intensity at the ventilatory threshold, subjects must perform an incremental exercise test. Moreover, they must undertake as many incremental exercise tests as there are ergometers used since we do not know whether the data can be converted from one ergometer to another. Thus the individual method involves considerable cost in terms of time and money, but is very useful in terms of cardiorespiratory benefits following aerobic training. Hence it would be of interest to know if just one exercise test could determine the individualized intensity on two safe ergometers, cycling and rowing, avoiding possible falls on a treadmill. Indeed, the rowing ergometer seems to be safe, simple, and effective (Hagerman et al., 1988; Macfarlane et al., 1997) and could be suitable for use by elderly subjects.
For young people, the posture adopted in rowing would impose a mechanical ventilatory limitation and would disturb O 2 consumption during exercise (Cunningham et al., 1975) . Moreover, the reduced chest wall compliance of older subjects (Estenne et al., 1985) would also tend to increase the work of the respiratory muscles at any given load (Johnson and Dempsey, 1991) , which could increase O 2 consumption of these muscles. Indeed, Szal and Shoene (1989) argued that, at maximal exercise, rowers may devote a greater portion of their O 2 consumption to the work of breathing when rowing compared to cycling. Thus we may hypothesize that thoracic changes due to aging and biomechanical disturbances during rowing could alter cardiorespiratory responses and the ventilatory thresholds between the cycle and rowing ergometers.
The aim of this study was to compare the cardiorespiratory responses at ventilatory threshold in healthy elderly men and women, using cycle and rowing ergometers to determine whether exercise intensity on one ergometer can be used to prescribe exercise intensity on the other ergometer. A second aim was to determine whether the rowing ergometer induced more breathlessness than the cycle ergometer so as to verify whether the cycle ergometer would be preferable to use at the beginning of a training program.
Methods

SUBJECTS
A total of 18 healthy subjects, 8 men (age 65.7 ± 4.5 yrs) and 10 women (age 63.3 ± 4.8 yrs) took part in two incremental exercise tests, one on a cycle ergometer and the other on a rowing ergometer. All tests were carried out at the Bethune Hospital in France. The study protocol was appoved by the local university ethics committee. The subjects were informed of the constraints and risks and they gave informed written consent. Their anthropometric, spirometric, and physical characteristics are listed in Table 1 . All subjects were physically active each week in a leisure activity club. The activities were mostly cycling, weight training, stretching, aquagym, gymnastics, swimming, and walking. One subject played football in a club for senior citizens. The time spent each week and the nature of the physical activities are shown in Table 2 . These activities continued throughout the study. All subjects responded to a physical activity questionnaire for the elderly (Voorips et al., 1991) and their physical activity scores are indicated in Table 1 . None of the subjects were on medication. The criteria for inclusion were: no cardiorespiratory illness, no arm or leg prostheses, and no arthrosis. None of the subjects smoked. One subject dropped out of the study because of a tooth abscess.
PROCEDURE
All subjects underwent an initial medical examination, during which their maximal expiratory flow volume curves were recorded with a digital spirometer.
The cycle ergometer was used first because it was easier to measure blood pressure regularly and obtain electrocardiograms. At the end of the incremental exercise tests, the subjects were asked why they stopped the exercise test. The second test was carried out 2 to 10 days after the first. The subjects did not undertake any intense exercise during the 48 hours prior to each test.
Each subject was allowed 15 minutes to become familiar with the rowing ergometer, including the gestures of the pulling (arms) and follow-through (legs) before the incremental exercise test began.
Physical Measures. The rowing ergometer was a Concept II model C (Morrisville, VT). An integral monitor gave a continuous readout of the power developed by the subject. The cycle ergometer was an Ergoline Metrics 800s (Bitz, Germany) controlled by Medisoft software.
Oxygen uptake (V . O 2 ), carbon dioxide output (V . CO 2 ), and ventilation (V . E), including tidal volume (Vt) and breathing frequency (f), were recorded continuously using a breath-by-breath gas analyser (Ergocard, Medisoft, Dinant, Belgium). Before each test, the volume was calibrated by five inspiratory and expiratory strokes with a 3L pump; the gas analyser was calibrated with two gas mixtures of known oxygen and carbon dioxide concentration. A 12-lead electrocardiograph (Ergocard) was monitored continuously during the exercise tests. Blood pressure was continuously recorded on a tensiometer (Maxi +2 Spengler, Cachan, France).
Incremental Exercise Tests. The subject was positioned on the ergometer and cardiorespiratory values were recorded for 3 minutes at rest followed by 3 minutes of warm-up at 20 watts. The load was then increased by 10 to 20 W per minute until the subject became exhausted. The subject was then allowed to recover. At least three of the following criteria had to be met to ensure maximal oxygen uptake: (a) stabilization of V . O 2 despite the increased load; (b) stability of heart rate (HR) at ±10% of maximal theoretical heart rate, 210 -0.65 × age (Spiro, 1977) ; (c) a respiratory exchange ratio >1.10; and (d) an inability to maintain a pedaling rate of at least 50 rev·min -1 , despite verbal encouragement.
On the rowing ergometer the resistance was increased either by a higher rate or by amplitude of the movement, whereas software governed the resistance on the cycle ergometer. Indeed, for rowing, each subject selected his or her method of producing power output, using short rapid strokes or slower full-stretch strokes, as power is the product of rate and amplitude. This rowing ergometer uses a chain and sprocket mechanism attached to a flywheel which is fitted with a damping mechanism and monitor to calculate and display watt output per stroke. 
Determination of Ventilatory Threshold. Ventilatory threshold (Vth) was determined after completion of the exercise test using the V-slope method of Beaver et al. (1986) . This method involved analysing the behaviour of V . CO 2 as a function of V . O 2 and Vth was defined as the breakpoint in the V . CO 2 /V . O 2 relationship ( Figure 1A, 1B) . Ventilatory threshold was determined graphically by two independent researchers. In the case of 4 subjects, a third researcher was required due to differences in opinion between the other two researchers as to breakpoint determination. The corresponding HR and power values at Vth were recorded.
Statistical Analysis. Results are expressed as means and standard deviations (SD). We used one-way analysis of variance (ANOVA) for repeated measures to compare the data at the ventilatory threshold and at maximal exercise obtained on the cycle and rowing ergometers for both men and women. When the ANOVA tests indicated a significant difference, the post hoc Scheffé test was applied. To compare the differences between heart rate values (for rowing and cycling) in men and women in relation to their average value, we used the method of Bland and Altman (1986) . For this analysis the mean differences (bias) and standard deviation of the differences between the mean values obtained for men, women, and both were calculated. Linear regression analysis was used to examine the relationship between data for cardiac frequency at the ventilatory threshold between cycle and rowing ergometers for men and women and for both together. Probability values of less than 0.05 were considered significant for all tests.
Results
CARDIORESPIRATORY RESPONSES
Power at Ventilatory Threshold. The data for V . O 2 , HR, and tidal volume (Vt) obtained with the cycle and rowing ergometers (see Table 3 ) were not signifi- cantly different for men. The power produced on the cycle ergometer was 64% higher than on the rowing ergometer (p < 0.01). Ventilation (V . E) (p < 0.05) was 9% higher, and breathing frequency (f) (p < 0.01) was 24% higher on the rowing ergometer than on the cycle ergometer.
The data for women for V . O 2 , HR, Vt, and breathing frequency obtained on the cycle and rowing ergometers were not significantly different. Power was 47% higher on the cycle ergometer than on the rowing ergometer. Ventilation was 17% higher on the rowing ergometer (p < 0.01).
Power at Maximal Exercise. Men showed no significant differences for V . O 2 max, maximal heart rate (HRmax), and maximal ventilation (V . Emax) on the cycle and rowing ergometers (see Table 4 ). Maximal power (Pmax) output on the cycle ergometer was 37% higher than on the rowing ergometer; maximal breathing frequency (fmax) was 18% higher on the rowing ergometer, while maximal tidal volume (Vtmax) was 19% higher on the cycle ergometer (p < 0.01).
The women demonstated no significant differences for HRmax, V . Emax, V . O 2 max, and fmax. Maximal power output was 19% higher and maximal tidal volume was 12% higher on the cycle ergometer than on the rowing ergometer (p < 0.05).
Bland-Altman Diagram and HR Relationship at Ventilatory Threshold. The distributions of the mean differences in cardiac frequencies at the ventilatory threshold with the cycle ergometer and rowing ergometer were obtained by the Bland and Altman method (Figure 2A and 2B) , and the pooled data for men and women are shown in Figure 2C . Heart rate at the ventilatory threshold obtained using the cycle ergometer and the rowing ergometer were not significantly different either for men or women. O 2 max = maximum oxygen consumption; V . Emax = max minute ventilation; Vtmax = max tidal volume; fmax = max breathing frequency; Pmax = max power. Significant intragroup difference: *p < 0.05; **p < 0.01. Figure 2A . Distribution at ventilatory threshold in the male group of differences in heart rate (HR), HR rowing, and HR cycling against the means of these two heart rates. Bias = mean differences. Figure 2B . Distribution at ventilatory threshold in the female group of differences in heart rate (HR), HR rowing, and HR cycling against the means of these two heart rates. Figure 2C . Distribution at ventilatory threshold, in the whole population, of differences in heart rate (HR), HR rowing, and HR cycling against the means of these two heart rates.
Table 5 Breathing Frequency and Stroke Rate Measured on Rowing
Ergometer (mean ± SD)
Vth 29.2 ± 2.9 31 ± 7.13 27.4 ± 5.6 27.8 ± 4.5 Max exercise 42.1 ± 4.8 37.9 ± 6.5* 40.7 ± 6.2 35.6 ± 3.4** Note: f = breathing frequency; SR = stroke rate; Vth = ventilatory threshold. Significant intragroup difference: *p < 0.05; **p < 0.01. Figure 3A . Relationship between cycle and rowing ergometers for heart rate (HR) at the ventilatory threshold for men and women. Figure 3B . Relationship between cycle and rowing ergometers for heart rate at the ventilatory threshold for the whole population, men and women.
Figures 3A and 3B show the linear relationship between the heart rates at ventilatory threshold obtained using the cycle ergometer and rowing ergometer for men and women (A) and the whole population (B).
Breaths per Stroke During Rowing. The breathing frequencies and stroke rates (Table 5) for men and women at the ventilatory threshold were not significantly different. However, the breathing frequency at maximal exercise was significantly higher than the stroke rate for both men (p < 0.05) and women (p < 0.01).
Discussion
The results of this study demonstrate that healthy elderly men or women present no significant difference at ventilatory threshold (Vth) in terms of heart rate and V . O 2 when comparing cycle and rowing ergometers. In contrast, at ventilatory threshold the ventilation, tidal volume, and power are significantly different, according to the ergometer, and at maximal exercise the tidal volume and power are significantly different between cycling and rowing.
Because the treadmill presents a lesser degree of security for the elderly than the rowing ergometer, the latter was chosen to compare with the cycle ergometer. Indeed, it provides a safe and diversified physical activity, unlike the treadmill which can cause falls for the elderly if accelerated too abruptly.
We have attempted to identify the correlation between heart rates at ventilatory threshold produced when using the cycle and rowing ergometers, but not that for power. Indeed, power was not computed because it is difficult to monitor the personal ergometers regularly, and power can drift, making it difficult to optimize training. Moreover, in fitness or sports clubs there could be a difference in calibration of ergometers, which would induce a lower or higher intensity of exercise and lead to under-or overtraining. Finally, this study allowed the subjects to undergo various forms of training, for instance outdoor cycling. Because it is difficult or impossible to measure power under these circumstances, measuring the heart rate instead is very useful as it can easily be measured by a sports tester. Knowing the power close to Vth can quickly place the subject in a useful training zone (Londeree, 1997) .
Our study focused on the correspondence of ventilatory thresholds, leading to diversified and more attractive training. This in turn helps to preserve autonomy and quality of life for elderly persons while providing individualized training according to their physical potential. Moreover, this study could also be useful to persons with chronic obstructive pulmonary disease (COPD) or chronic heart failure (CHF) who use rehabilitation in their therapeutic treatment. Their physical activities would be diversified while individualizing training intensity according to each one's potential, thus maintaining a high level of motivation.
The women presented no significant difference in breathing frequencies on the cycle and rowing ergometers at ventilatory threshold and maximal exercise, although the breathing frequency tended to be higher on the rowing ergometer at ventilatory threshold and maximal exercise. In contrast, the men had significantly higher breathing frequencies on the rowing ergometer than on the cycle ergometer at ventilatory threshold and maximal exercise.
We may hypothesize that gender influences cardiorespiratory responses according to the ergometer. For men, it could be due the body's cramped position while rowing which may constrict the abdominal muscles, limiting their contribution to expiration, as suggested by Cunningham et al. (1975) . Moreover, Harty et al. (1999) examined young subjects with an external thoracic restriction, a corset, on a cycle ergometer. They measured a higher breathing frequency with the corset than without it. As the rowing induced the same breathing frequency responses as cycling exercise with a corset, in men, we can hypothesize that the hunched position in rowing could decrease the maximal opening of the rib cage. But in women, who tend to have a smaller lung volume than men, there may have been less constraint regarding respiratory rate responses when rowing, and hence no significant difference in breathing frequencies between these two ergometers. However, the lack of significance between ergometers for breathing frequency in the women could also be explained by a low number of subjects and a high variability.
In our study, maximal tidal volume in men and women was significantly lower in rowing, whereas maximal ventilation presented no significant difference between rowing and cycling, as demonstrated by Cunningham et al. (1975) and Szal and Shoene (1989) in young subjects. Hence, in agreement with these authors, the hunched position in rowing could alter the maximal tidal volume, but not maximal ventilation, because increasing maximal breathing frequency could compensate for the decreased maximal tidal volume, leading to an equal maximal ventilation. Moreover, Szal and Shoene (1989) explained this difference of breathing pattern between these ergometers by suggesting that the subjects synchronized their breathing frequency to the stroke rate at submaximal exercise on the rowing ergometer. However, at near maximal exercise when ventilatory demand is greatest, ventilation responds physiologically to the increased metabolic demand, breaking the link between the maximum respiratory rate and the stroke rate.
This corresponds well with our results demonstrating that neither men nor women showed significant difference between breathing frequency and stroke rate at the ventilatory threshold on a rowing ergometer, but that the two parameters were not correlated at maximum exercise intensity. Indeed, at maximal exercise the breathing frequency was significantly higher than the maximum stroke rate. Therefore, rowing elicits greater breathlessness than cycling. This appeared to be more important in men than in women because for women there was no significant difference in breathing frequency on the cycle and rowing ergometers at ventilatory threshold and maximal exercise. Consequently, for women, at the begining of training it does not matter which ergometer is used. Conversely, for men it would be advisable to first use cycling for training and rehabilitation because breathlessness is the first complaint of patients and a reason why they give up.
To sum up, our results demonstrated that in healthy elderly subjects, breathing pattern was altered according to the ergometer, as found in the research on young subjects; but this difference had no effect on the determination of ventilatory threshold. On the other hand, rowing appears to be the cause of more breathlessness than cycling, especially in men.
Our study demonstrated that there was no significant difference between cycling and rowing at ventilatory threshold characterized by the heart rate in spite of the difference in ventilation at this level of exercise. These results suggest that ventilatory threshold can be measured indifferently by only one incremental exercise test on a cycle or rowing ergometer in order to individualize a training intensity. Hence the heart rate at ventilatory threshold could allow for an alternation of physical activities between cycling and rowing in order to avoid the monotony of only one activity. Finally, it would be more advisable to use cycling at first because it causes less breathlessness than rowing, particularly in men, according to the ventilatory pattern results. These results need to be confirmed by future research.
